Induction of DNA damage, including abasic sites, in plasmid DNA by carbon ion and X-ray irradiation.
DNA from plasmid pUC18 was irradiated with low-LET (13 keV/μm) or high-LET (60 keV/μm) carbon ions or X-rays (4 keV/μm) in solutions containing several concentrations of Tris (0.66-200 mM) to determine the yield of abasic (AP) sites and the effect of scavenging capacity. The yield of AP sites, detected as single-strand breaks (SSB) after digestion with E. coli endonuclease IV (Nfo), was compared with that of SSB and base lesions. At higher concentrations of Tris, the yields of single or clustered AP sites were significantly lower than those of single or clustered base lesions. The relative yields of single AP sites and AP clusters were less than 10 and 7 %, respectively, of the total damage produced at a scavenger capacity mimicking that in cells. The dependence of the yield of AP sites on scavenging capacity was similar to that of prompt strand breaks. The ratios of the yield of isolated AP sites to that of SSB induced by carbon ion or X-ray irradiation were relatively constant at 0.45 ± 0.15 over the tested range of scavenger capacity, although the ratio of SSB to double-strand breaks (DSB) showed the characteristic dependence on both scavenging capacity and radiation quality. These results indicate that the reaction of water radiolysis products, presumably OH radicals, with the sugar-phosphate moieties in the DNA backbone induces both AP sites and SSB with similar efficiency. Direct ionization of DNA is notably more involved in the production of DSB and base lesion clusters than in the production of AP site clusters.